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54a Sunday, February 26, 2012HP35 unfolds at extremely low force without well-defined unfolding transition
state. Subsequently, using the persistence length as an indicator, we found that
there are significant amount of residual secondary structures in the unfolded
HP35 even the two ends of HP35 has been extended up to 8 nm, indicating
that the secondary structures in HP35 are stable without the formation of ter-
tiary structure. Our results therefore suggest that retaining significant amount
of secondary structure in the unfolded state of HP35 may be an efficient way
to reduce the entropic cost for the formation of tertiary structure and increase
the folding speed, despite that the folding cooperativity is compromised. More-
over, we anticipate that the methods we used in this work can be extended to the
study of other proteins with complex folding behaviors and even intrinsically
disordered.
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Rationally enhancing the mechanical stability of proteins remains a challenge
in the field of single molecule force spectroscopy. Several strategies have been
developed successfully to rationally regulate the mechanical stability of pro-
teins. These strategies include rational control of the unfolding pathway by
disulfide bond formation, improving hydrophobic packing, reconstruction of
the force-bearing region of proteins, ligand binding, and engineered metal che-
lation. However, compared with the well-developed methods used to enhance
the thermodynamic stability of proteins/enzymes, these methods to enhance the
mechanical stability remain limited. Furthermore, these methods are only used
one at a time, and the resulted enhancement in protein mechanical stability is
also rather limited. Possible synergetic effects from more than one method
remain largely unexplored. Here we use single molecule force spectroscopy
techniques to demonstrate that it is feasible to use a ‘‘cocktail’’ approach for
combining more than one approach to enhance significantly the mechanical
stability of proteins in an additive fashion. As a proof of principle, we show
that metal chelation and protein-protein interaction can be combined to enhance
the unfolding force of a protein to ~450 pN, which is >3 times of its original
value. This is also higher than the mechanical stability of most of proteins stud-
ied so far. We also extend such a cocktail concept to combine two different
metal chelation sites to enhance protein mechanical stability. This approach
opens new avenues to efficiently regulating the mechanical properties of pro-
teins, and should be applicable to a wide range of elastomeric proteins.
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Synaptotagmin 1 (Syt1) is one of the membrane-trafficking proteins and is
characterized by an N-terminal trans-membrane region (TMR), a
variable linker, and two C-terminal C2 domains - C2A and C2B. Both C2A and
C2B domains have important roles in the fusion steps of synaptic vesicles [1].
Despite being very similar in structure and homologous in sequence, number of
studies have shown that C2A and C2B have distinct biochemical and biophys-
ical properties [2].
Electric fields are proving to be important in investigating the stability of the
biomolecules [3]. Since many biological processes involve local electric
fields, investigating the effect of the electric fields on the mechanical energy
landscapes is important. We will present the results of our recent computa-
tional investigations into the microscopic origins of the mechanical response
in C2 domains of Syt1 when external electric fields are applied. Uniform
electric fields were applied in two directions: along the pulling direction
and perpendicular to the pulling direction. We probed the degree of confor-
mational flexibility in each domain separately by determining intermediate
structures and force response to the unfolding. The results agree with the pre-
vious theoretical [4] and experimental findings [2] showing lower mechanical
stability in C2A than in C2B. Furthermore, we find that in both domains elec-
tric fields along the direction of the plane lowers the barrier for the first rup-
ture event.
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Free energy landscapes drive protein folding phenomena but are difficult to
measure directly. We measured the folding landscape of the prion protein
PrP, a protein notable for its ability to form infectious non-native structures, us-
ing single molecule force spectroscopy with optical tweezers. Folding/unfold-
ing trajectories of a single PrP molecule were observed directly by measuring
the extension of the molecule under an applied tension, under both equilibrium
constant-force and non-equilibrium force-ramp conditions. Native folding/un-
folding was found to be a two-state process. The height and location of the en-
ergy barrier between the two states were determined from the distribution of
unfolding forces in force-extension curves (FECs), and independently from
the force-dependent lifetimes measured at constant force. The full profile
of the landscape for native folding was then reconstructed from the FECs using
the Hummer-Szabo method (Hummer and Szabo, 2001; Gupta A.N., et al.,
2011). Because the landscape profile reconstructed this way is smoothed by
the elastic compliance of the measurement set-up, we recovered the actual
PrP folding landscape by using the measured point-spread function of the in-
strument to deconvolve the Hummer-Szabo result. The height and position of
the barrier in the deconvolved landscape profile agreed well with the single ref-
erence point provided by the unfolding-force and force-dependent lifetime
analyses, but the profile includes additional information about the width and
shape of the potential wells and barriers. We found that the native folding path-
way of PrP has an extended transition state, in agreement with mutational phi-
analysis (Hart et al., 2009). These results show how protein folding landscapes
can be recovered from non-equilibrium pulling experiments.
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Protein adsorption often plays the central role in a wide variety of processes oc-
curring in medicine, biochemistry and biotechnology. In order to develop novel
material coatings, a detailed insight into the underlying adsorption mechanisms
at the molecular level and the knowledge of thermodynamic parameters is of
great importance. So far, protein adsorption has been investigated in terms of
concentration, pH-value and temperature of the protein solution. However, vol-
ume effects on protein adsorption are still unknown in spite of their fundamen-
tal contribution to protein-interface interactions. in order to investigate volume
effects and protein conformational transitions, two model proteins, SNase and
lysozyme, were adsorbed onto silica nanoparticles and subjected to high hydro-
static pressures. At pressures up to 2500 bar, we have observed much smaller
volumes of protein unfolding in the adsorbed state as compared to the solution
behavior. These changes are directly linked to volume changes upon protein ad-
sorption at the aqueous-solid model interface.
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Fish allergens can trigger life-threatening reactions in predisposed individuals,
which is especially important in countries where seafood is an integrate part of
the diet. The major fish allergen parvalbumins are abundant in the white muscle
of many fish species. Parvalbumin belongs to the family of EF-hand proteins
and has a globular shape containing six helical parts and two active Ca2þ bind-
ing sites.
High pressure is known to unfold proteins. We performed high pressure FTIR
experiments, to explore the T-p phase diagram of cod parvalbumin. This
method allows following the secondary structure of the protein as well as the
Ca2þ binding to the aspartic glutamic acid residues.
The infrared spectrum of parvalbumin is characteristic for the helical confor-
mation, in agreement with the crystal structure, but without adding Ca2þ we
found that the sample does not adopt the fully ordered structure. A marked tran-
sition in the structure of the parvalbumin was observed with the central point of
0.5 GPa (at room temperature). We assign this change to a native-molten glob-
ule transition on the basis of the position of the amide I band of the infrared
spectrum. This transition was reversible, which also supports the lack of com-
plete unfolding.
